Abstract Primary pyomyositis in children is prevalent in the tropics and increasingly being recognised from temperate regions. Staphylococcus aureus remains the principle causative organism worldwide, while proportion of communityacquired methicillin-resistant Staphylococcus aureus (CA-MRSA) is on rise. Commonly involved groups are around the pelvis and lower limbs. Clinical presentation depends on the stage of disease, most commonly a child presenting with limping with fever. Early diagnosis and management are crucial. The investigation of choice is MRI scan. Appropriate antibiotic treatment should be instituted at the earliest opportunity along with drainage. Majority of patients show excellent and complete recovery with no long-term complications once treatment is started early. A high level of awareness and suspicion of this condition is warranted from all paediatric clinicians.
Introduction
Pyomyositis in children is not a common manifestation of bacterial infections, but when it occurs, the consequences to the patient may be severe or even fatal. Staphylococcus aureus (S. aureus) is the most likely causative organism, although several other infectious agents, including viruses, fungi, and parasites have also been linked to its causation. This review primarily focuses on its classical presentation, typically named as tropical pyomyositis (TP).
This pathological entity termed 'spontaneous acute myositis' was first described in the mid-nineteenth century by Virchow, but the first description in literature could be traced to a description by Japanese surgeon Scriba in 1885, as an endemic disease in the tropics [1] . Later, another Japanese surgeon, Miyake, extensively reviewed this and added 33 more cases [2] . During the early twentieth century, while British and other European countries expanded colonisation, this disease was recognised with increasing frequency in the native populations and in the soldiers who lived in the tropical areas of Asia and Africa [3] . During this time, it acquired the name by which it is now known widely-tropical pyomyositis. The suitability of this designation was confirmed by another epidemiological study from East Africa, which discovered that the disease was found commonly only in regions with a truly topical climate, i.e. a fairly constant high temperature and high relative humidity [4••] . In this review, we discuss current epidemiology, clinical manifestation, diagnosis and potential treatment options for tropical pyomyositis in children.
Prevalence
Tropical pyomyositis has been widely reported from Asia, tropical Africa, Oceania and the Caribbean islands [3, 4••] .
There are numerous reports of similar cases from Northern India, showing the peak incidence during months of high humidity ranging from July to October [5•, 6-9] . It accounts for 1 to 4 % of all hospital admissions in some tropical countries [3, 5•] .
Similar cases are increasingly being reported from temperate regions as well [10] [11] [12] . A recent study from Brisbane, Australia, shows increasing prevalence of TP, from 2.04 to 8.73 cases per 10,000 (peak rate 13.5 cases per 10,000 in 2008) [13••] . Another study from the UK supports the increasing incidence of TP [14•] . There are reports of pyomyositis cases from diverse geographic regions of the USA. In a 10-year review, one or two cases of pyomyositis per 4000 paediatric admissions occurred annually in the USA [15] . It was more common in children who live in the southernmost regions of the USA (e.g. Texas) than in children who live in the northern regions (e.g. Iowa) [16] .
Epidemiology and Pathogenesis
Possible mechanism for pyomyositis has been extensively studied under experimental conditions [2] . When healthy rabbits were given boluses of Staphylococcus intravenously, they occasionally developed small abscesses in the liver, kidney or spleen but never in the skeletal muscles. When some injury was caused to specific muscles by mechanical pinching or electric current 24 or 48 h before the intravenous injection of bacteria, small abscesses developed within few days at injury site in nearly half of them. No abscesses formed in healthy muscles tissues. The role of trauma in causation of pyomyositis was supported further by one study in the British Army [3] . When this disease was observed more commonly in army soldiers, they investigated 32 cases and made several observations. Majority of men recalled having experienced trauma at the affected site; the incidence of abscesses increased as the severity of physical training increased and abscesses were more common on the dominant (right) side of the body [3] . Another analysis of 78 cases in Uganda observed the similar finding of more involvement of the right side of the body [17] .
From experimental evidence and clinical observations, two associations with pyomyositis were found: muscle injury and bacteraemia, usually staphylococcal. It was postulated that uninjured skeletal muscle is intrinsically resistant to infection because myoglobin binds to iron avidly, which is necessary for the growth of an organism. But when muscle trauma is present, there is sequestration of elemental iron leading to predisposition for haematogenous invasion by bacteria with subsequent abscess formation [18] . The initial episode of trauma resulted in a staphylococcal skin lesion and, possibly, a bacteraemia that seeded sites of previously bruised muscle. Sources of muscle trauma have ranged from bicycle accidents to strenuous aerobic exercises [19] . These cases also may explain the predilection of the disease to occur in warmer humid climates, concomitant skin infections and muscle trauma, which is more likely to occur in a climate in which children can play or work outside wearing fewer cloths for most of the year. The clustering of cases of TP during humid and rainy seasons (July to October) of the year has been widely reported from Northern India and other tropical countries [5•, 6-9, 20] .
The aetiological agent of pyomyositis in more than 90 % of cases is S. aureus both in tropical and temperate climates. An increasing percentage is caused by community-acquired methicillin-resistant S. aureus (CA-MRSA). There are reports of increasing proportion of CA-MRSA clones worldwide including India, Australia and the USA [ . Furthermore, pvl emerged as a significant predictor of need for a drainage procedure and higher number of surgical interventions, indicating that PVL (or an associated factor) likely contributes to severity of muscle disease caused by S. aureus.
In tropical countries, pyomyositis was said to occur in individuals who were malnourished and who had multiple parasitic infections. However, this association has not been confirmed in children with pyomyositis seen in India, the USA or Australia [5•, 15, 25] . Giasuddin AS et al. proposed that IgM antibody deficiency against S. aureus may be a cause of TP in Nigerians [26] . But extensive immunological evaluations in most of other studies have been normal, including quantitative immunoglobulins, enumeration of T-lyphocyte subpopulations, total haemolytic complement levels and leukocyte function as tested by reduction of nitroblue tetrazolium (NBT) [5•, 27] . Some other immune dysfunction states proposed to have association with TP are HIV infection, steroid use, diabetes mellitus, leukaemia and lymphoma. Tropical pyomyositis cases in immunocompromised patients are more commonly reported from temperate regions. But in the tropics, TP have been reported even in otherwise normal children too.
Other less common isolates in temperate climates could be Streptococcus pyogenes followed by Escherichia coli. Acute bacterial myositis, by group A streptococci, is far less common than classical (tropical) pyomyositis. It usually causes much diffused illness and more commonly seen in adults. Viral infection, most commonly influenza virus, occasionally leads to myositis, characterised by pain in the muscles, mainly the legs generally lasting 2 to 4 days. Typically, school-aged children are affected and serum creatine phosphokinase (CPK) shows marked elevation. Rarely, Coxsackie virus B can cause similar illness. Other uncommon causes of myositis could be Candida albicans (immunocompromised patients) and parasites like Trichinella spiralis.
Clinical Presentation
Although the classical presentation of TP is muscle abscess, the disease process passes through three stages. During the first stage (invasive stage), the infective muscle becomes inflamed and painful and there may be associated mild leukocytosis. Examination will reveal a woody muscle texture with no fluctuation, palpable abscess or surrounding erythema. The second stage (suppurative phase) involves formation of a muscle abscess where patients will usually have severe pain, worsening swelling and fever. Aspiration of the affected area would reveal purulent material. The majority of patients are diagnosed at this stage which lasts 1-3 weeks. The third stage involves systemic toxicity and septicaemia, multifocal abscess formation and shock [28, 29•] .
Pyomyositis is often considered a disease of adolescents and young adults, although it occurs in all age groups including infants and young children. It is more commonly reported among boys, but girls engaged in sporting activities like athletics had equal chances of having it [5•, 30] . Unifocal presentation is common, but literature evidence suggests it can be multifocal in 15-43 % of cases [31] . Commonly involved sites are the muscles around the pelvis and lower limbs. The most common site of abscess formation is the thigh, followed by the calf, buttock, arm, scapula and chest wall (Table 1) . Often, there is a history of having recent accidental injury (often involving the leg) that usually was not considered serious. After a few days, the child developed low-grade fever; symptoms persisted a few days to a few weeks until a mass appeared. Initial examination by physician, in many of the patients, was considered to have only a contusion or a haematoma (Table 1) .
When pyomyositis involves the muscles of the pelvis, pain is usually transferred to the hip. Pelvic pyomyositis initially originates from the anterolateral and posterolateral walls of the pelvic cavity and surrounds the obturator foramen, ending in a tendinous band across the posterior capsule of the hip involving deep pelvic muscles like psoas, iliacus, piriformis and obturators [38] . One study from the USA showed high proportion of cases of pericapsular pyomyositis (32 %) among 53 children, initially referred as cases of septic arthritis/irritable hip joint [39•] . It is noteworthy that patients with pelvic pyomyositis may present with limited range of motion in a specific plane (the motion placing the infected muscle on stretch) vs global limited range of motion of the joint as is commonly seen in septic arthritis [35] . When the iliopsoas is affected, there will be a discrete presenting symptom of pain in the retroperitoneal muscle location. The limb affected will be held in thigh flexion and external rotation [14•] . Another usual clinical presentation could be acute abdominal pain in some of them, which often needs sonography for making the diagnosis. A review from Nigeria found muscle abscesses in the anterior abdominal wall to be common. Possibility of TP should also be considered in a child with hip pain and fever, Complications are more common when disease is diagnosed late. Common complications associated with TP include venous thrombosis, arthritis, osteomyelitis and pneumonia. In the late stage of disease, dissemination of S. aureus could lead to sepsis, which has potential to involve other organs and cause acute respiratory distress syndrome (ARDS), pericarditis, acute renal failure and even meningitis, but these are not seen often. Common complications reported, in a review from Northern India, were arthritis (25 %), pneumonia (18 %) and osteomyelitis (5 %) [5•] . Arthritis in most of them was reactive (sterile), which recovered spontaneously, while 2 out of 40 children had purulent arthritis which needed drainage [5•] . Recent report from Texas, USA, showed associated osteomyelitis (41 %) and concomitant septic arthritis (7 %) to be the commonest complications associated with TP [21•] . S. aureus strains that carried pvl were associated with increased levels of inflammatory markers, longer hospitalizations and more complications [21•] .
Diagnosis
Diagnosis of pyomyositis should be considered in any child presenting with fever and acute muscle pain, especially in season of high temperature and high humidity and when history of recent trauma exists. When a child has visible masses at commonly involved sites, like the lower limb muscles, the diagnosis of pyomyositis can be made by needle aspiration of a mass. A definitive diagnosis usually depends on one or more radiologic procedures, especially when there is fever and myalgia, but no palpable mass. Plain films may show a soft tissue swelling or even a widened fascial plane suggestive of a mass lesion, seldom useful in the diagnosis but appropriate to exclude any suspected bony pathology. Ultrasounography is used commonly in emergency for diagnosis of muscle masses and to guide percutaneous aspiration for culture and drainage. Ultrasounography may be used as the first line since it is noninvasive, easily obtainable and inexpensive [14•] .
For definitive diagnosis, MRI is preferred to CT as it is able to delineating the extent of a muscle abscess. In many cases, the abscess is much larger than suspected by clinical examination. MRI typically shows hyperintense signal in T2 weighted images, hyperintense rim on enhanced T1 weighted images. For the reasons described, MRI has become the preferred procedure for establishing the diagnosis of pyomyositis [41] [42] [43] . Blood investigations may show anaemia, leukocytosis (shift to left) raised erythrocyte sedimentation rate and acute-phase reactants [5•] . Muscle enzymes are always normal; this finding serves to differentiate TP from polymyositis. Bone scintigraphy lacks sensitivity to identify pyomyositis but can show any associated osteomyelitis. Pus culture positivity rates are often high, which gives the aetiological agent. Blood culture positivity rates are often low comparatively [5•, 44] .
Treatment
Once diagnosed, treatment of pyomyositis consists of appropriate antibiotics and possible abscess drainage depending on the size and pressure symptoms. In early stages, TP may be treated conservatively with antibiotics alone or antibiotics and percutaneous aspiration. However, a surgical decompression may subsequently be required in 50 % of them [45• ]. An important role of systemic antibiotics is to prevent the formation of further abscesses, especially in children with proven bacteraemia. Empirical antimicrobial therapy for pyomyositis will depend upon local epidemiologic and susceptibility patterns. Because S. aureus is the most likely agent, a semisynthetic penicillinase-resistant penicillin should be the preferred antibiotic in communities with relatively little MRSA. Usually, nafcillin or oxacillin 150 to 200 mg/kg can be administered intravenously every 6 h. Cloxacillin at similar dosages is equally effective, commonly used in India [14•] .
In many countries including India, community-acquired MRSA (CA-MRSA) is now a common agent, to the tune of around 50 % (Table 1) . In settings where CA-MRSA is prevalent in significant proportions, one should strongly consider coverage for CA-MRSA in the empirical treatment regimen [46•] . Although literature does not support the use of more than one sensitive drug for the treatment of S. aureus, in the present scenario, it would be wise to use combination of antistaphylococcal antibiotics, initially. The number of sensitive drug could be minimised once culture and sensitivity reports are available. In India, the choices for empirical therapy could be clindamycin alone, cloxacillin along with clindamycin or a combination of cloxacillin, clindamycin and amikacin. Combination therapy should be stressed more especially in a critically ill child having fulminant sepsis, as a complication of TP by S. aureus. Clindamycin may have a role in cases of acute bacterial myositis of malignant type because of the Eagle effect, which showed superiority of clindamycin over penicillin in the treatment of streptococcal myositis [47] . Bickles et al. recommended cloxacillin with the addition of aminoglycoside if patients are immunocompromised or in a state of sepsis [47] . Zimbelman et al. recommend clindamycin with or without penicillin as superior to B lactamase antibiotic alone [48•] . Clindamycin 40 mg/kg/day divided every 8 h could be a reasonable option also for penicillin hypersensitivity. Vancomycin, teicoplanin and linezolid are the options for clindamycin-resistant CA-MRSA. Dose of vancomycin in children should be 60 mg/kg/day divided every 6 h, and in adolescents, dose is usually reduced to 45 mg/kg/day, divided every 8 h. Where available, a glycopeptide antibiotic closely related to vancomycin called teicoplanin can be substituted for vancomycin; the teicoplanin loading dosage is 10 mg/kg IV every 12 h for three doses, followed by 10 mg/kg once daily [49] . Both nephrotoxicity and red-man syndrome are less common after teicoplanin than vancomycin.
Parenteral therapy is continued until clinical improvement is evident, usually within a few days after surgical drainage. Thereafter, the antibiotics can be given orally for an additional 2 to 3 weeks. For methicillin-sensitive isolates, oral cloxacillin, cephalosporin (cephalexin 100 mg/kg/day) or clindamycin 30 to 40 mg/kg/day is acceptable [50] . For CA-MRSA isolates, clindamycin can be continued as an oral antibiotic. For MRSA isolates resistant to clindamycin, intravenous treatment can be followed by administration or oral linezolid 30 mg/kg/ day divided every 8 h for children younger than 12 years; for children 12 years and older, 20 mg/kg/day divided every 12 h is given. Therapy of MRSA infection may require a longer duration, from 3 to 4 weeks. Before discontinuing antibiotics, the patient should have documented normal levels of C-reactive protein and erythrocyte sedimentation rate. Since there are reports of anaerobic bacteria causing pyomyositis in children; appropriate anaerobic cover should be added in cases where such organisms are suspected or isolated [37] .
Treatment options for VRSA (MIC ≥ 16 μg/ml) and VISA (MIC 4-8 μg/ml) include IV infusion of vancomycin and IV daptomycin, which might be tried even in children. In such cases, loading dose of vancomycin 25-30 mg/kg may be considered; continuous infusions have been found more effective. Daptomycin (bactericidal against MRSA) was used in 15 children at Dallas, USA, in sever MRSA infection, in a dose of 4-6 mg/kg/day for a duration of 6-36 days (median 10 days) with good clinical response. It was well tolerated and presently, an RCT is ongoing for this in children. In these cases, extended drug sensitivity should be a s k e d ; i f s e n s i t i v e , a d d i t i o n o f d r u g s l i k e fluoroquinolones, cotrimoxazole, doxycycline (>8 years age) or rifampicin might be useful.
Complications are more with this potentially lifethreatening illness if diagnosed late. Continuation or recurrence of fever after surgical drainage while the patient is receiving appropriate antimicrobials suggests the presence of other foci needing further drainage, development of drug resistance or, less commonly, drug fever. Early diagnosis is associated with good prognosis in this curable infective disease entity. Although there are no recommendations to prevent pyomyositis, it is believed that nasal carriage should be eliminated in patients with a history of pyomyositis or bacteraemic staphylococcal infection. It should be treated with topical mupirocin nasal formulation. Alternatives include rifampicin or cloxacillin for 10 days [32, 34, 36, 51] .
Conclusion
Pyomyositis is primarily a disease of the tropics, showing increasing incidence in temperate regions too. S. aureus remains the primary aetiological agents, although CA-MRSA and clindamycin resistance is on rise, worldwide. Choice of empirical antibiotics remains debatable and should be guided by prevalent resistance patterns. Timely diagnosis, right choice of antibiotics and appropriate interventions remain the key to success in management of TP. A high level of awareness and suspicion of this condition is warranted from all paediatric clinicians.
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